ABSTRACT: Delivery mechanisms for crab postlarvae along upwelling coasts have been inferred from weekly sampling, but more frequent sampling is needed to better relate highly variable oceanographic conditions to postlarval supply. Settlement of 8 crab taxa was measured in Bodega Bay, California every 2 d from 12 May through 3 July, 2002. Abundance of postlarval and juvenile settlers was cross-correlated with physical variables. Four upwelling and 4 relaxation events were recorded as fluctuations in wind stress and sea temperature during this period. Transitions to and from upwelling conditions in Bodega Bay were brief and temperature changes occurred rapidly. The strongest correlations between crab abundance and physical variables indicative of upwelling and relaxation conditions were observed for Cancer magister, which settled primarily during relaxation-favorable conditions, and for Cancer antennarius/productus, which settled primarily during upwelling-favorable conditions, suggesting interspecific differences in delivery of postlarvae to adult habitat. Weak correlations with upwelling-favorable conditions were observed for Pugettia producta/ richii and Pagurus spp. Settlement of Hemigrapsus nudus, Petrolisthes cinctipes, and P. eriomerus exhibited significant correlations with changes in tidal height. These results highlight the existence of multiple taxon-specific delivery mechanisms of closely related taxa in one small geographic region.
INTRODUCTION
Identifying the biophysical mechanisms that deliver planktonic larvae to adult habitats is a critical step towards understanding community dynamics, particularly in recruitment limited regions where larval supply more strongly influences the distribution and abundance of adults (Connell 1985 , Gaines & Roughgarden 1985 , Minchinton & Scheibling 1991 , Menge 2000 , Connolly et al. 2001 . Upwelling regions may be recruitment limited due to persistent offshore and equatorward flow (Connolly et al. 2001) . In these regions dynamic and energetic physical oceanographic processes are strong determinants of dispersal and subsequent recruitment patterns (e.g. Roegner et al. 2003) . Understanding the physical mechanisms that deliver planktonic larvae to adult habitats in upwelling regions has been the focus of numerous studies (Parrish et al. 1981 , Farrell et al. 1991 , Graham et al. 1992 , Yoklavich et al. 1996 , Shkedy & Roughgarden 1997 , Pineda 1999 , Lundquist et al. 2000 , Botsford 2001 , Wing et al. 2003 .
Biophysical mechanisms that deliver crab postlarvae (megalopae) to nearshore habitats along the central California upwelling region have been postulated, though they have not been well resolved. Studies suggest that vertical migrations between layers of opposing flow direction enable larvae to regulate alongshore and cross-shelf movements (reviewed in Kingsford et al. 2002 , Roughan et al. 2005 . Ontogenetic shifts in depth preference may further facilitate the onshore transport of late-stage larvae by winds, internal waves, and other physical mechanisms (reviewed in Shanks 2002) . Because multiple factors play a role in larval delivery to shallow water habitats, both interspecific and intraspecific differences in the timing of larval settlement may occur.
Although multiple mechanisms are likely at play, wind-driven coastal upwelling is typically identified as the primary forcing mechanism that regulates the movement of larvae along the central California coast. During upwelling, dense nutrient-rich water from depth meets lower density offshore water, sometimes forming a convergence zone at the leading edge of an upwelling front. Convergence zones (i.e. fronts) have been associated with an increased concentration of organisms (Grantham et al. 1995 , Shanks et al. 2000 , and the movement of these fronts during upwelling and relaxation has been identified as a mechanism for cross-shelf (Roughgarden et al. 1988 , Farrell et al. 1991 and alongshore (Wing et al. 1995b (Wing et al. , 1998 ) movement of meroplankton. For example, the cross-shelf movement of upwelling fronts has been linked to barnacle recruitment (Farrell et al. 1991 . During active upwelling, surface waters carrying larvae are advected offshore via Ekman transport and larvae may be subsequently returned to shore by onshore flow when upwelling winds relax (Roughgarden et al. 1988 , Farrell et al. 1991 .
Upwelling winds also transport warm surface waters equatorward, and the cessation of upwelling winds results in the poleward propagation of surface water (Send et al. 1987) . Additionally, topographic features such as headlands provide shelter from upwelling winds, and have been shown to accumulate particles in their lee (Wing et al. 1995a , Mace & Morgan 2006 . Wing et al. (1995a) found that during upwelling, larvae accumulated in the lee of Point Reyes, a prominent headland just north of San Francisco Bay, California. Larval settlement at this site was temporally consistent and not strongly correlated with physical variables such as wind stress or temperature. Similarly, high settlement has been observed in the lee of a smaller headland (<10 km) (Mace & Morgan 2006) , indicating that this process is acting at multiple scales. During relaxation of upwelling winds, Wing et al. (1995a) observed increased settlement of postlarvae poleward of Point Reyes. Larval settlement was more episodic and well correlated with decreased wind stress and increased water temperature, which indicate the arrival of warm water from the lee of Point Reyes. Wing et al. (1995a) inferred that the main supply of propagules to the coastal region between Point Reyes and Point Arena (60 miles to the north) originates from this poleward propagation of surface water. This trend was most apparent during years with distinct upwelling and relaxation cycles (Wing et al. 2003) . However, sampling at a finer temporal scale is needed to determine mechanisms that influence larval transport during periods when oceanographic conditions are less distinct.
Because it is difficult to distinguish transport mechanisms when using data from weekly sampling, Wing et al. (1995a Wing et al. ( , 2003 were unable to resolve the influence of high frequency activities such as internal waves. Many studies have focused on upwelling processes on time scales of weeks to years (Farrell et al. 1991 , Graham et al. 1992 , Botsford 2001 , Wing et al. 2003 , however larvae may also be concentrated and delivered via tidally forced internal waves with time scales of hours to days (internal tides) that form at the shelf break or around other complex bathymetric features such as ridges and submarine canyons (reviewed in Shanks 2002) . Larvae that are concentrated in surface convergences associated with internal waves tend to be late stage larvae or postlarvae. Larvae delivered by internal waves may have temporal patterns of settlement that peak every 13 to 15 d, corresponding with the spring-neap cycle (reviewed in Shanks 2002) . Internal waves may be more frequent during relaxation events when the water column is more stratified (Rosenfeld 1990 ) and may be responsible for the observed correlations between settlement and the arrival of warm water during relaxation periods (Shanks 2002 ).
To better understand the possible forcing mechanisms that deliver larvae to the nearshore waters of central California, we sampled postlarval settlement every 2 d for 54 d during the peak settlement and upwelling season in 2002 (Wing et al. 2003 , Mace & Morgan 2006 . To address potential delivery mechanisms, we compared 2 d averages of crab settlement with wind stress, temperature, salinity, tidal height, and a local upwelling index.
MATERIALS AND METHODS
Study system. This study was conducted in Bodega Bay, California, USA, which is characterized by persistent equatorward (upwelling favorable) winds during the spring and summer months. The study site is located just offshore of Pinnacle Rocks (PR) (38°18.328' N, 123°01.435' W) along the eastern shore of northern Bodega Bay (Fig. 1) . Bodega Bay is located on the leeward side of a small headland and is a shallow, broad, southwest-facing embayment. The bay mouth is approximately 11 km wide from the northern tip at Bodega Head to the southern tip at Tomales Point. The rocky outcrops of Bodega Head and Tomales Point continue as a shallow (<15 m deep) submarine ridge across the mouth of the bay. The ridge rises to the surface to form Bodega Rocks toward the northern end of the bay. The bay is 20 to 25 m deep, and depths increase rapidly to more than 40 m seaward of the ridge. Tides are mixed semi-diurnal with a tidal range of 1.2 to 2.9 m. A detailed study of circulation in the area is available in Roughan et al. (2005) .
Settlement patterns depend in part on the timing of larval release and developmental period (Wing et al. 1995b) . The crabs in this study spend weeks to months in the plankton, developing through 2 to 5 zoeal stages and a megalopal (postlarval) stage before returning to the benthos as juveniles. The timing of release and larval duration is not well known, but varies among taxa. Release of cancrid species along the California coast is estimated to occur between December and March (Reilly 1983 , Strathmann 1987 . December through March is characterized by seasonal strong winds from storm events, and a weakly poleward nearshore flow. In March and April, nearshore flow shifts equatorward, and upwelling conditions prevail (Largier et al. 1993) . Cancrid settlement in Bodega Bay occurs year round but peaks in May and June while grapsid, majid, pagurid, and porcellanid settlement peaks between May and August (Mace & Morgan 2006) . Estimated larval periods for cancrid species (Cancer antennarius, C. productus and C. magister) are 36 to > 60 d, 68 to 150 d and 75 to 180 d respectively (Reilly 1983 , Strathmann 1987 , Grantham et al. 2003 , Shanks & Eckert 2005 (Grantham et al. 2003 , Shanks & Eckert 2005 . Shorter estimated larval durations for non-cancrid crabs and settlement peaks that occur between May and August suggest that the majority of these species release their larvae when upwelling conditions prevail.
Oceanographic data. Hourly averages for the speed and direction of surface currents offshore of Bodega Bay were obtained from a high frequency radar system (CO-DAR) (http://bml.ucdavis.edu/boon/). CODAR data describe the speed and direction of the surface current over 2200 km 2 area extending 50 to 70 km from shore with a resolution of 2 km (Kaplan & Largier in press) .
Offshore wind speed and direction were obtained from the National Data Buoy Center (NDBC 46013, 38°13' 30" N, 123°19' 00" W; www.ndbc.noaa.gov/) and local wind velocities were obtained from a land-based site at the Bodega Marine Laboratory (BML, 38°19' 03.35" N, 123°04' 17.20" W, http://bml.ucdavis. edu/boon/). Alongshore winds at BML and the NDBC buoy were significantly correlated with r = 0.88 at a lag of 2 h (BML leads NDBC) (Roughan et al. 2005) . Wind data from the offshore buoy were used because they are more representative of larger scale wind forcing events. Along-and across-shore wind stress were calculated (Large & Pond 1981 ) from 10 min averaged data that were adjusted to a height of 10 m above sea Sea surface temperature (SST) was used as an indicator for upwelling (Shkedy & Roughgarden 1997) . In the present study, upwelling conditions were defined by SST at the study site of <10°C in response to increased (negative) alongshore wind stress. Conversely, relaxation conditions were defined by SST >10°C. Continuous temperature data were taken from 2 Optic StowAway TidbiT ® thermistors, which were placed on 1 settlement mooring at the site: 1 m off the bottom (approximately 9 m deep) and 1 m below the surface. Temperature ± 0.2°C was recorded every 6 min. The difference between the maximum estimated tidal height for each 2 d sampling period (maximum tidal range) was obtained from tide prediction software (Tides and Currents v2.0a, Nautical Software). Daily averages of salinity ± 0.005 psu were obtained from a Sea-Bird Electronics thermosalinograph (SBE 45 MicroTSG) located in the seawater intake line at BML (http://bml.ucdavis.edu/boon/). Average daily rainfall was recorded from the National Weather Service reporting station at BML using a Hydrological Services TB4 Tipping Bucket Rain Gauge.
Larval settlement. Larval settlement of benthic invertebrates was monitored at 1 site (PR) every 2 d from 12 May to 3 July 2002, yielding 26 samples over 54 d. The sampling period was chosen to overlap with the peak settlement period of the species of interest (Mace & Morgan 2006) . The sampling frequency was chosen because previous settlement data collected weekly (Mace & Morgan 2006) were inadequate to resolve potential transport mechanisms. The PR site was selected because it is relatively protected from adverse sea conditions, facilitating regular sampling and because it had consistently higher settlement than other sites in the area. Sampling also was attempted at a site along the exposed side of Bodega Head; however high seas prevented consistent sampling.
Three moorings, with settlement substrate attached 1 m below the surface, were deployed approximately 50 m apart running parallel to shore along the 10 m isobath at Pinnacle Rock (Fig. 1) . Settlement substrate consisted of 2 mesh bags (10 × 30 cm) containing 3 Tuffy ® kitchen scrub pads each. Collectors were deployed and retrieved every 48 h, rinsed in fresh water, and settlers were fixed in 50% ethanol. Postlarvae and juveniles were identified to species when possible using available keys (Lough 1974 , Shanks 2001 . Cancer productus and C. antennarius were distinguished as juveniles but not as postlarvae. These species were collectively called Cancer antennarius/ productus, even though 79% of the juveniles were C. antennarius. Similarly, Pugettia producta and P. richii were not distinguished at the postlarval stage, although 95% of the juveniles collected were identified as P. producta.
Data analysis. Cross-correlations were calculated between time series for crab settlement and physical variables. Of the taxa investigated 7 of 8 were present > 80% of the time and had no significant autocorrelations, and only these 7 taxa were analyzed to limit the number of significant results due to an abundance of zeros. Settlement was monitored every 2 d for 54 d (26 trips) and 2 d averages of physical variables were cross-correlated with mean values of crab settlement from 3 moorings for each 2 d sampling period. Abundances were log 10 transformed to meet the assumptions of normality and to help homogenize the variance so that the time series was more stationary and autocorrelation was less likely. No seasonal trends were apparent in the physical variables, thus de-trending was not necessary. Temperature at the bottom and the surface were highly correlated with each other (0 d lag: r = 0.923); because settlement was monitored at the surface, only surface temperatures were used for time series analysis. For clarity, lags are presented in days in the text. The sign indicates whether peaks in settlement occurred after (positive) or before (negative) changes in the physical variables. Since the response variable of settlement must follow the physical predictor variables, only positive lags are reported, with the exception of cyclic environmental variables. Therefore, negative lags are reported for cross-correlations between settlement and maximum tidal range because of the predictable cyclic nature of tides. Only lags ≤ 6 to 8 d are considered for this 54 d series because lags of 10 to 20% of the time series are considered valid (Emery & Thomson 2001) . Because correlations from brief time series may be due primarily to one event or only a few data points, we also qualitatively assessed whether the observed settlement patterns appeared to occur in response to changes in the physical environment.
RESULTS

Physical data
The 2002 season was characterized by strong upwelling (Grantham et al. 2004 , Mace & Morgan 2006 . During the sampling period, there were 4 upwelling and 4 relaxation events of varying lengths. Upwelling events ranged from 4 to 10 d with an average of 7.25 ± 1.3 d, SE. Relaxations were typically shorter and ranged from 3 to 4 d, although one relaxation event lasted 14 d (19 May to 1 June; Fig. 2 ), thus the average was 6.25 ± 2.6 d, SE.
Positive values of the upwelling index (at 39°N, 125°W) were correlated with negative (upwelling favorable) alongshore wind stress (0 to 2 d lag, r = -0. 74). As wind stress increased in the equatorward direction, so did the upwelling index. Surface water temperature was correlated with alongshore wind stress (0 to 2 d lag: r = 0.752) and averaged 10.3 ± 0.2°C (SE) with a range of 8.4 to 13.2°C. When equatorward wind stress increased (larger negative values), temperature decreased as expected, indicating upwelling. Salinity stayed fairly constant between 33.6 and 33.8 during this period except on 21 May and 5 June, when it decreased to 32. (Fig. 2) . Salinity was correlated with temperature and wind during 2002 (Mace & Morgan 2006) . Rainfall measuring 6.1 and 8.9 mm was recorded at BML on 19 and 20 May respectively. Because relaxation conditions prevailed during this time, the low salinity levels were likely due to poleward advection of lower-salinity waters from the Gulf of the Farallones and San Francisco Bay (Fig. 3a) . However, only 0.2 mm of rain was recorded at BML on 4 and 5 June. Upwelling conditions prevailed during this time and the low salinity values observed may have resulted from the delivery of fresher water from the Russian River plume located north of Bodega Bay (Fig. 3b) .
Larval settlement
Between 12 May and 3 July 2002, 8 crab taxa settled, and most of them settled during upwelling conditions (Table 1) . Cancer antennarius/productus were present 96.2% of the time, but one large peak that occurred in June during upwelling favorable conditions accounted for 42% of total settlement (Fig. 4) . CODAR data from this day show that this settlement peak occurred when surface currents in the region were moving predominately equatorward (Fig. 3b) . Settlement of C. antennarius/productus was negatively cross-correlated with both surface water temperature and alongshore wind stress (0 to 2 d lag) indicating that settlement increased as temperature decreased and equatorward (upwelling-favorable) wind stress increased (Table 2) . Overall, 90% of settlement of this taxon occurred during upwelling-favorable conditions (Fig. 5) .
Cancer magister were present in 84.6% of samples, and most settled during relaxation conditions. Settlement in this species was positively cross-correlated with surface water temperature and alongshore wind stress (0 to 2 d lag). Thus, settlement increased as surface water temperature increased and equatorward wind stress decreased ( Table 2) . Settlement of C. magister was negatively correlated with upwelling indices (0 to 2 d lag) and salinity (0 to 2 d lag), and thus settlement increased as upwelling and salinity decreased. Most of Cancer magister settlement (86%) occurred during relaxation events (Fig. 5) , and especially during the first 14 d relaxation event (72%), which may explain the significant cross-correlations with temperature, wind stress, and upwelling index. However, increases in settlement were apparent during subsequent relaxation periods (Fig. 4) . The largest settlement peak occurred when surface currents in the region were moving predominately poleward (Fig. 3a) . C. magister settlement also coincided with the decreases in salinity, which may account for the significant cross-correlation between settlement and salinity. Hemigrapsus nudus were present in 80.8% of samples with 60% of total settlement occurring during upwelling conditions (Fig. 5) . Settlement was positively cross-correlated with maximum tidal range (-2 to -4 d lag) suggesting that they settled about 2 to 4 d before peak spring tides (Table 2) .
Pagurus spp. postlarvae were present in 96.2% of samples, with 1 settlement event that occurred during upwelling conditions in May accounting for 24% of the settlement (Fig. 4) . For Pagurus spp., 53% of settled during upwelling favorable conditions (Fig. 5) . Pagurus spp. settlement was negatively cross-correlated with surface water temperature (+ 4 to 6 d lag) and wind stress (+ 4 to 6 d lag); settlement increased 4 to 6 d after sea water temperature decreased and equatorward (upwelling favorable) wind stress increased (Table 2) .
Pugettia producta/richii were present in 88.5% of samples with 69% of total settlement occurring during upwelling (Fig. 5) , including 2 settlement events in June, representing 55% of the total settlement (Fig. 4) . Such pulses occurred during upwelling conditions when the winds were coming more from a westerly direction. Cross-shore wind stress was more positive (onshore) whereas alongshore wind stress became less negative (i.e. less equatorward) during settlement events (Fig. 2) . These 2 settlement events may be responsible for a positive cross-correlation between settlement and cross-shore wind stress (0 to 4 d lag), which indicates that settlement increased 0 to 4 d after onshore wind stress increased.
Petrolisthes cinctipes were present in 100% of the samples (Table 1) dance (1546.7 ± 121.5, SE), representing 62.1% of total crab settlement. P. cinctipes abundance was negatively cross-correlated with salinity (0 to 2 d lag) and was positively cross-correlated with the maximum tidal range (-4 to -6 d lag) suggesting that larvae of this species settled 4 d before peak spring tides (Table 2) , particularly during low-salinity events.
Petrolisthes eriomerus was present in 92.3% of the samples. Settlement of this species was negatively cross-correlated with salinity (0 to 2 d lag) (i.e. settlement increased as salinity decreased) and was positively cross-correlated with maximum tidal range (-4 to -6 d lag), suggesting that settlement occurred 4 to 6 d before peak spring tides (Table 2) . P. eriomerus settlement was also negatively cross-correlated with maximum tidal range (+ 4 to 6 d lag) suggesting that they settled 4 to 6 d after neap tides (Table 2) .
Petrolisthes manimaculus was present in 26.9% of samples and was not considered for analysis (Table 1) . However, a qualitative examination showed that most of settlement occurred during 2 upwelling events in June.
DISCUSSION
Interspecific differences in settlement timing
The relative importance of larval transport mechanisms can vary among years (Wing et al. 2003) and regions (Johnson et al. 1986 , McConnaughey et al. 1992 , Roegner et al. 2003 , Miller & Shanks 2004 . For example, recruitment of Cancer magister to light traps was positively correlated with upwelling events and tidal forcing in Oregon (Miller & Shanks 2004) . However, in Washington, C. magister recruitment to light traps was not significantly correlated with wind events or tidal forcing (Roegner et al. 2003) . Here, we found that C. magister settlement was positively correlated with relaxation events, which is consistent with previous studies in this region (Wing et al. 1995a , Wing et al. 2003 . Settlement of non-cancrid crabs was not as closely tied to upwelling-relaxation cycles. Therefore variation in settlement during upwelling or relaxation events for these species may have been coincidental and influenced more by other mechanisms (e.g. tidal processes or entrainment in an accumulation zone).
Settlement during 4 upwelling and 4 relaxation events in Bodega Bay was fairly continuous, with 7 of 8 species being present > 80% of the time. Regardless of oceanographic conditions, postlarvae settled continuously in the lee of this small headland, similar to patterns observed in the lee of Point Reyes (Wing et al. 1995a) . Bodega Bay, in the lee of Bodega Head, has been identified as a larval accumulation zone (Mace & Morgan 2006) due to a sub-surface recirculating eddy that sets up during active upwelling (Roughan et al. 2005) . Larvae can be entrained in the recirculation feature and remain in the bay by undertaking diel vertical migrations (Roughan et al. 2005) , which may help explain the continuous availability of settlers. While most species had 2 to 4 settlement peaks that represented a large portion of total settlement, settlement was typically continuous during the present study, suggesting that larvae of most species may be entrained in the lee of West Coast headlands throughout much of the settlement season.
Cancrid crabs had the strongest correlations with upwelling-relaxation cycles, whereby Cancer magister settled primarily during relaxation favorable conditions when surface currents are moving poleward, and C. antennarius/productus settled primarily during upwelling favorable conditions when surface currents are moving equatorward. Pugettia producta/richii and Pagurus spp. had weaker correlations with upwelling favorable conditions, which were likely due to 1 or 2 large settlement peaks that occurred during upwelling conditions. There was little difference between total settlement during upwelling and relaxation conditions for Hemigrapsus nudus, Petrolisthes cinctipes, P. eriomerus, and Pagurus spp. These results are similar to previous findings for non-cancrid crabs that were collected weekly in this region (Wing et al. 2003) . Thus, peaks in settlements that are correlated with upwelling, relaxation, and tides provided evidence for multiple delivery mechanisms that varied within and among species. Species with nearshore distributions and shorter larval durations may be more likely to be retained in headland eddies and more likely to be transported by tides. However, temperature and water flow data were treated extensively in a subsequent companion study in Bodega Bay and no clear evidence of internal wave activity was observed (Roughan et al. 2005) . Although internal waves were not observed, Hemigrapsus nudus, Petrolisthes cinctipes, and P. eriomerus abundance increased 2 to 4 d prior to spring tides and Pagurus spp. abundance increased 4 to 6 d after neap tides (1 to 3 d before spring tides). Thus, evidence for tidal transport was apparent for all non-cancrid taxa except Pugettia producta/richii.
Congeneric differences in settlement timing
A 14 d relaxation event in May was the best example of increasing temperature and decreasing salinity in response to decreased alongshore wind stress. Wing et al. (2003) found that coherence among these variables was an important indicator of poleward transport of larvae from the lee of Point Reyes. Poleward alongshore flow began on 19 May (Fig. 3a) and continued until 1 June before it weakened and temporarily reversed. The majority of Cancer magister postlarvae settled during this relaxation period. While it is likely that many C. magister postlarvae were advected poleward from the lee of Point Reyes during this 14 d period, settler abundance increased rapidly as temperature increased suggesting that there was also a more local supply of postlarvae. For example, a large pulse of crabs settled during the 2 d period between 18 and 20 May as the temperature increased.
All significant cross-correlations for Cancer crabs had a lag of 0 (0 to 2 d), which suggests that Cancer crabs settled with, or very soon after a change in wind stress or temperature. For example C. magister settlement increased during periods when temperature increased and C. antennarius/productus settlement increased during periods when temperature decreased. Wing et al. (1998) found higher concentrations of larvae residing in frontal zones between water masses, and crabs likely settle at the transition between warm and cold water as they are transported in the leading edge of warm or cold fronts. Temperature increased rapidly shortly after the cessation of the wind (Roughan et al. 2005) , suggesting that a convergence zone between warm and cold water was not far from this site. Peaks in settlement coinciding with these changes in conditions may have resulted from fronts moving past the collectors because fronts are known to accumulate larvae , Eggleston et al. 1998 , Shanks et al. 2000 , Sponaugle et al. 2002 . The presence of larvae-laden fronts in the Bodega region may help to explain the settlement patterns in years where settlement is not correlated with the arrival of warm water from the lee of Point Reyes.
Depth distribution of different taxa may influence transport mechanisms. Larvae residing in bottom waters may be carried onshore during upwelling and larvae residing near surface waters may be carried onshore during relaxation events (Wing et al. 1995a) or via internal waves (Shanks 1998 , Pineda 1999 . Surface and bottom settlement data from 2001 and 2002 (Mace & Morgan 2006) showed that while Cancer magister settled in greater abundance at the surface, C. antennarius/productus settled at both the surface and bottom. Further, peaks in C. magister settlement corresponded with increased temperature, suggesting that C. magister are delivered to shore via warm surface waters, whereas C. antennarius/productus settled during cold water events, indicating that C. antennarius/productus are transported onshore in cold nearbottom waters. C. antennarius/productus settlement was primarily observed inside Bodega Bay (Mace & Morgan 2006) , where recirculation at depth can accumulate larvae that spend time at depth (Roughan et al. 2005) . In contrast, C. magister settlement occurred during relaxation, in the absence of recirculation, when warm waters delivered C. magister postlarvae to sites both within and outside the bay (Mace & Morgan 2006) . This contrast in temporal and spatial patterns of settlement indicates that Cancer magister and C. antennarius/productus have adopted different coherent 'strategies' for the return of postlarvae to nearshore adult habitat. C. magister, with a longer planktonic larval duration and extended larval season, concentrate in fronts as postlarvae (Wing et al. 1998) and are delivered to the coast in warm waters from a nearby upwelling shadow (Wing et al. 1995b , Graham & Largier 1997 or from offshore (Roughgarden et al. 1988 , Farrell et al. 1991 . In contrast, C. antennarius/productus, with shorter planktonic larval durations confined to the upwelling season, are delivered onshore as postlarvae in cold near-bottom waters during upwelling. Not only can this strategy maintain deep-dwelling C. antennarius/ productus larvae over the shelf, but it allows larvae to accumulate in the lee of small low-lying headlands where recirculation during upwelling may only be observed at depth.
